Abstract. The aim of the current study was to evaluate the optimal coplanar technique for conformal radiotherapy of prostate cancer. Twelve inoperable patients with prostatic carcinoma were examined. Five different techniques with three-, four-and six-fields were applied for treatment of prostate and seminal vesicles with or without lymph nodes. Treatment techniques were compared by using rectum, bladder and femoral heads dose-volume histogram data. A three-field arrangement consisting of an anterior and two lateral portals resulted in the maximum rectal sparing irrespectively of the irradiated area. The maximum femoral head sparing was achieved by the technique consisting of six oblique and lateral fields. The maximum bladder protection was observed with the box technique for treatment with large pelvic fields and with the arrangement consisting of two oblique and two lateral portals for conedown irradiation. In conclusion, the presented data allow the radiotherapists to select the proper irradiation technique associated with the maximum sparing of each organat-risk.
Introduction
Prostate cancer is the most common male malignant disease (1) . Radiotherapy is often considered as the treatment of choice for the patients suffering from prostate cancer (2, 3) . However, even with definitive treatment, it is estimated that 40% of men with clinically localized prostate cancer will experience biochemical relapse within 5 years (4). This high rate of biochemical failure reflects both the underestimation of patients with clinically localized disease who have occult pelvic nodal involvement, as well as the inadequate irradiation of these involved nodes. Surgical studies of pelvic node dissection in prostate cancer patients have identified occult metastases in about 1/4 of patients (5) . Extended pelvic node dissections and prostate lymphography have demonstrated clinically occult lymph node involvement in pelvic nodes including the obturator, external iliac, internal iliac, common iliac, presacral and perirectal lymph nodes (5) (6) (7) .
Conventional pelvic radiation fields based on bony landmarks are inadequate in covering the lymph nodes (8, 9) . Magnetic resonance lymphangiograms have shown the inconsistent mapping of lymph nodes relative to bony landmarks and the presence of occult nodal metastases (8, 10) . A large randomized study from the Radiation Therapy Oncology Group (RTOG 94-13) demonstrated a benefit in progressionfree survival in high-risk prostate cancer patients with the addition of whole-pelvis radiation over prostate radiation alone (11) . This evidence suggests improved outcome with adequate lymph node coverage.
Three-dimensional treatment planning allows the radiotherapists and medical physicists to define the appropriate irradiation fields that cover all required lymph node areas. However, the above benefit of 3D conformal radiotherapy is counterbalanced by the exposure of the critical structures around the tumor to a relative high dose that may exceed the well-known dose tolerances. The selection of the proper irradiation technique is necessary in order to obtain the maximum sparing of healthy tissues and subsequently reduce possible side-effects. Several studies have compared a number of coplanar techniques employed for conformal prostate radiotherapy (18) (19) (20) (21) (22) . However, none of the above studies has used treatment fields encompassing the lymph node area. The purpose of this study was to compare five different coplanar techniques for conformal radiotherapy of prostate plus seminal vesicles alone or with pelvic lymph nodes.
Materials and methods

CT examinations.
Twelve inoperable patients with localized prostate cancer were enrolled in this study. The prostate, seminal vesicles and lymph nodes of the participants were radiographically normal. All patients had at least 15% risk of lymph node involvement, based on the criteria introduced by Roach et al (12, 13) .
All patients underwent a pelvic CT examination on a 16-detector-row CT scanner (Somatom Sensation 16, Siemens, Forcheim, Germany). To simulate treatment position, participants were scanned in supine position with their arms placed on the chest. Knee and ankle fixation cushion (Kneefix™, Feetfix™, CIVCO Medical Solutions, USA) was used for patient immobilization. The CT scans covered the region from the L2/L3 vertebrae down to the level of the perineum, with section of 5 mm thickness and 5 mm intersection gap. All volumes-of-interest were outlined and approved by one attending physician. No attempts were made to account actively for the motion of these organs.
PTV and OARs delineation. CT data were transferred to a PC-based workstation having an image processing software (Focal, Version 4.3.3., CMS Inc., St. Louis, MO, USA). Organ contouring was performed by a radiotherapist experienced in prostate treatment. The following structures were delineated: prostate, seminal vesicles, pelvic lymph nodes, entire rectum and its contents, entire bladder and its contents and femoral heads. The rectal volume was contoured from the ischial tuberosity to the sigmoid flexure, whereas the entire femoral head to the lesser trochanter was included in the volume-of-interest. The pelvic nodes were contoured using the guidelines of Nutting et al (14) and Chao and Lin (15) . Common iliac, external iliac, internal iliac, presacral, obturator and perirectal lymph nodes were included. The rectum, bladder and femoral heads were considered as the organs at risk (OARs) in this study.
The clinical target volume (CTV) consisted of prostate and seminal vesicles plus a uniform margin of 0.5 cm. The addition of a non-uniform margin of 0.8 cm in the posterior side and of 1 cm in all other directions resulted in the planning target volume (PTV 2 ). The region encompassing the pelvic lymph nodes and PTV 2 with a uniform margin of 1 cm corresponded to PTV 1 .
Conformal radiotherapy techniques. Three-dimensional conformal radiotherapy was administered in two phases. First, a total radiation dose of 5040 cGy was delivered to PTV 1 . In the second conedown phase, a radiation dose of 1980 cGy was given to the region of PTV 2 . Radiotherapy was delivered with daily fractions of 180 cGy. Concurrent chemotherapy was also administered as part of an on-going protocol of our department (cisplatinum 20 mg/m 2 /wk, docetaxel 12 mg/m 2 /wk). External beam irradiation combined to concurrent chemotherapy has been successfully employed for the management of several malignant diseases (16) (17) (18) (19) (20) .
Reported experience has suggested that concurrent chemotherapy and radiotherapy up to tumor doses of 7380 cGy is feasible for patients with locally advanced prostate cancer (21) . In our department, a total radiation dose of 7020 cGy is currently delivered to the tumor site. The CT scans together with the outlines of all structures were subsequently transferred to our research 3D planning workstation (XiO 4.3.1, CMS Inc., St Louis, MO, USA). For each patient in the two treatment phases, the following isocentric coplanar plans were performed: i) plan A: a threefield arrangement consisting of an anterior field (0˚) and a pair of left lateral/right lateral fields (90˚and 270˚); ii) plan B: a three-field arrangement consisting of an anterior field (0˚) and a pair of posterior oblique fields. The gantry angle for the left and right oblique field was 105˚-120˚ and 240˚-255˚, respectively. For each patient, the proper gantry angle was selected to obtain the optimum dose distribution; iii) plan C: a four-field arrangement consisting of opposed anterior/ posterior fields (0˚ and 180˚) and left lateral/right lateral fields (90˚ and 270˚); iv) plan D: a four-field arrangement consisting of left anterior oblique/right anterior oblique fields (35˚and 225˚) and opposed left lateral/right lateral fields (90˚and 270˚); v) plan E: a six-field arrangement of opposed left anterior oblique/right posterior oblique fields (45˚ and 225˚), opposed right anterior oblique/ left posterior oblique fields (315˚ and 135˚) and opposed left lateral/right lateral fields (90˚ and 270˚).
The afore-mentioned plans were selected as the most widely used irradiation techniques employed in every day clinical practice in our department. All patient treatments were designed to be performed with an 18 MV photon beam produced by a linear accelerator (Primus, Siemens, Germany) equipped with multileaf collimator (MLC). Four filters with wedge angles of 15˚, 30˚, 45˚and 60˚ are available in the linear accelerator of our department. The irradiation techniques are graphically shown in Fig. 1 .
Concerning the three field techniques, the beam weights for the anterior and the pair of lateral or oblique fields were set at 0.4, 0.3 and 0.3, respectively. Equally weighted field Figure 1 . The five different techniques (A-E) considered in the two phases of irradiation. Lateral and oblique field irradiations were performed with or without wedges based on the requirement to achieve the best PTV coverage.
irradiations were assumed for the plans C, D and E. The above selected weights can result in a homogenous dose distribution inside the PTV of both treatment phases. A 6-mm margin around the PTV 1 and PTV 2 was used to account for beam penumbra, ensuring 95% prescription dose coverage to the periphery of the irradiated areas. Lateral and oblique field irradiations were generated using wedge filters, only when an improvement on the dose homogeneity within the PTV 1 and/or PTV 2 was observed. For each treatment plan, the wedge angles were selected from a medical physisist, in respect to the best coverage of PTV 1 and PTV 2 and the maximal sparing of the OARs. In all treatment plans the isodose lines were normalized to the field isocentre.
Dose-volume histograms. Dose-volume histograms (DVHs) were calculated for PTV 1 , PTV 2 , rectum, bladder and femoral heads using the treatment planning system. The optimum dose distribution for each plan was evaluated considering the data from the DVH and the coverage of the treatment volume as presented by isodose lines. The percentage of the volume of interest receiving a radiation dose equal to x% of the prescribed isocentric dose was denoted V x . The V x of each OAR was determined using the DVH data.
The comparative evaluation of the five different irradiation techniques was performed using the mean V x values for each OAR. For the rectum and the bladder, V 80 and V 90 values were determined, whereas the V 50 value was obtained for the femoral heads. The femoral head DVH data were averaged over the left and right sides for every patient and a mean V 50 value was calculated.
The calculated V x values of each technique were compared with the respective values associated with the other irradiation techniques. Multiple comparisons were performed through a Wilcoxon matched pairs test, using the software Prism, version 4.00 (GraphPadPrism software Inc., CA, USA). A P-value of <0.05 was considered to indicate statistical significance. The null hypothesis was that there was no difference between the techniques.
Results
First treatment phase.
In the first phase of irradiation, giving 5040 cGy to the treatment volume, the V 95 value for the PTV 1 varied from 92.1 to 97.3%. The minimum V 95 value recorded for the gross tumor volume (GTV 1 ) was 96.3% for all patients and all the considered techniques.
The mean rectal V 80 and V 90 values in respect to the applied treatment technique are shown in Fig. 2A No significant difference was found between plans A and C (P>0.05). However, it should be mentioned that technique C resulted in a lower mean bladder dose of 4687±177 cGy than the dose of 4758±176 cGy from technique A.
The mean femoral head V 50 values are summarized in Fig. 2C . It is clear that the lowest V 50 value appeared with plan E, while plan A demonstrated the highest V 50 value. The resultant V 50 values from all the other techniques were significantly higher than that from plan E (P<0.05). The mean femoral head dose recorded from technique E was 2608±149 cGy. ONCOLOGY REPORTS 23: 1663 -1668 , 2010 Second treatment phase. In the second phase of irradiation, delivering 1980 cGy to the irradiated area, it was marked that the V 95 value for the PTV 2 varied from 92.1 to 97.1%. In terms of GTV 2 , the minimum V 95 value recorded was 98.7% for all the treatment techniques.
The mean irradiated rectal V 80 and V 90 volumes are shown in The mean bladder V 80 and V 90 values are summarized in Fig. 3B . The lowest V 80 value was observed for treatment plan A. The V 80 value obtained from patient irradiation with technique A was significantly lower than that with technique B (P=0.0010), whereas no significant differences were observed between treatment plan A and plans C, D and E (P>0.05). When considering V 90 , technique D had lower value than the other examined strategies. Compared to plan D, statistically significant difference was recorded only between techniques D and B (P=0.0068). It should be noted that treatment techniques A and D resulted in almost the same bladder V 80 value (Fig. 3B) , while the mean bladder dose from plan D was lower. The mean bladder doses from techniques A and D were 1340±287 and 1296±285 cGy, respectively.
The mean femoral head V 50 values are demonstrated in Fig. 3C . The lowest V 50 value was recorded in plan E. The mean V 50 value from plan E was significantly lower than those from plans A, C and D (P=0.0005), whereas it was comparable to that from plan B (P=0.97). It should be reported that the mean femoral head dose from technique E was 784 ±63 cGy.
Discussion
In the current study we compared five different techniques for conformal irradiation of prostate and seminal vesicles or prostate, seminal vesicles and lymph nodes. This comparison was based on the calculated dose-volume histograms of the rectum, bladder and femoral heads. The rectum is the main dose-limiting organ for pelvic irradiation in prostate cancer (22) . The results of our investigation indicated that for both treatment phases, patient irradiation with a three-field arrangement consisting of an anterior portal and a pair of lateral fields provided the maximum rectal sparing. This may be attributed to the absence of a posterior portal that may directly expose the rectum to primary irradiation.
Regarding the urinary bladder, the box irradiation technique resulted in the lowest V 80 and V 90 values, during the first treatment phase giving 5040 cGy to the tumor site. For the conedown irradiation, the arrangement consisting of two oblique and two lateral fields seem to be the preferred approach for bladder sparing. Our data showed that different irradiation techniques can result in the maximum bladder sparing in each treatment phase. This might be attributed to the different size of PTV and, therefore, to the different part of urinary bladder included in the irradiated area from phase to phase.
The six-field arrangement resulted in the maximum sparing of femoral heads irrespective of the pelvic field size applied to prostate cancer patients. For the conedown irradiation, technique B consisting of an anterior and a pair of posterior oblique fields resulted in almost the same V 80 and V 90 values with those from the six-field treatment technique. In the second treatment phase, technique B can also be employed for the protection of femoral heads taking into account the high time cost related to the six-field treatment in every day clinical practice.
To the best of our knowledge, there is no reported experience on the optimum technique for irradiating a region encompassing prostate, seminal vesicles and lymph nodes. Our results can be directly compared only with those obtained with a CTV including prostate and seminal vesicles.
The results of our study are in agreement with those presented by most of the studies dealing with conformal conedown irradiation therapy of prostate cancer. Neal et al (23) found that a great femoral head sparing was demonstrated with the six-field technique, whereas box technique provided a better sparing of the rectum in respect to the other examined strategies. In a study reported by Fiorino et al (24) , it was concluded that the best sparing of the rectum was achieved with the three-field technique consisting of an anterior and a pair of lateral portals. Moreover, there was a benefit for the femoral heads with the six-field technique and the three-field arrangement consisting of an anterior and a pair of posterior oblique fields. Khoo et al (25) and Hille et al (26) showed a better sparing of the rectum with the three-field technique with two lateral fields. Hille et al (26) also reported that the forenamed technique was comparable to box technique, in terms of bladder. These results are congruent with the results of our study.
Regarding the bladder sparing, Fiorino et al (24) proposed the use of a three-field technique consisting of an anterior field and a pair of posterior oblique portals. However, our dosimetric data showed that different treatment strategies can provide the maximum bladder sparing. Bedford et al (27) only compared a variety of four-field treatment plans. In terms of rectal sparing, they found that the arrangement consisting of two lateral and two anterior oblique fields was superior to the box technique. Our results showed that the box technique provides a better rectal sparing than the four-field arrangement consisting of two oblique and two lateral portals.
This study has several limitations. A relatively small number of inoperable prostate cancer patients were examined. Moreover, the obtained dosimetric data refer to patients treated in prone position. Special consideration should be given whenever the presented dosimetric results are applied in routine clinical practice. The DVHs cannot take into account the daily variations in filling rectum and urinary bladder that may be presented during the entire treatment course (28, 29) .
In conclusion, the selection of the proper irradiation technique during conformal radiotherapy of prostate cancer is strongly related to the irradiated area, the tumor dose and the dose tolerance of critical organs surrounding the treatment volume. Our results clearly revealed that there is no single irradiation strategy providing simultaneously the maximum sparing of all OARs in each treatment phase. The dosimetric data presented in this study may be of value for radiotherapists and medical physicists whenever difficult decisions about the optimum sparing of rectum, urinary bladder and femoral heads should be made.
